Oilseed crops are so named because they store triacylglycerol (TAG) in seeds. Differences in fatty acid composition in TAGs determine the physical, chemical, and nutritional properties of seed oils (Jaworski and Cahoon, 2003) . Canola oil, a major vegetable oil used worldwide, is produced from Brassica napus seeds. Plant breeders developed B. napus as a food crop by developing lines with low amounts of erucic acid, a TAG containing very long chain fatty acid. Erucic acid has adverse health effects although its presence is sometimes desirable, for example, in industrial lubricants (Li et al., 2012) . Understanding the mechanisms that underlie differences in seed oil content and composition (e.g., Liu et al., 2016) will allow plant breeders to optimize the amounts and types of lipids for diverse applications.
As shown in the schematic in Figure 1 , fatty acids (FA) are synthesized in the plastid stroma, by a type II dissociable fatty acid synthase complex. The thioesterases FATA and FATB then cooperate to influence the proportion of saturated and unsaturated FA exported to the endoplasmic reticulum (ER) for further modification, TAG assembly and lipid droplet (LD) biogenesis (Chapman and Ohlrogge, 2012) . Tissue-specific mechanisms influencing the composition of FA exported from the ER or in the acyl groups of phosphatidylcholine (PC) might lead to heterogenous distribution of lipid metabolites (Figure 1 , black arrows), whereas steps involving the efficient utilization of phosphatidic acid (PA) for TAG assembly, or the packaging of TAGs into lipid droplets (LDs), might be important for manipulating the overall oil content (Figure 1, blue arrows) .
The work highlighted in Lu et al. (2018) resulted from a collaboration between the groups of Kent Chapman and Liang Guo. Their aim: develop a comprehensive, tissuespecific picture of seed oil biosynthesis in both high-oil and low-oil genotypes. They hypothesized that transcriptional regulation might affect both lipid content and distribution within a seed. Kent, a professor and director of the BioDiscovery Institute at the University of North Texas, has worked in the field of lipid biochemistry for more than 25 years. His group had developed methods to visualize lipid metabolites in situ using matrix-assisted laser desorption ionization with high resolution mass spectrometry (MALDI-MS), especially in seeds. Liang also has expertise in lipid metabolism, as he did his Ph.D. and postdoctoral work with Sam Wang, at the Donald Danforth Plant Science Center in St. Louis. Liang started as a professor at Huazhong Agricultural University about 3 years ago, where he leads a breeding program for improving seed oil content of B. napus. Shaoping Lu, a postdoc with Liang, spent a couple of weeks in Kent's lab, to initiate MALDI-MS imaging of Brassica genotypes with different seed oil content. He worked with Drew Sturtevant, a graduate student and expert at MALDI-MS imaging (e.g. Sturtevant et al., 2015 Sturtevant et al., , 2017 , and Mina Aziz, a postdoc responsible for computational analysis of the imaging data. Analyses of lipid distribution continued in Texas, while Shaoping returned to China and, with the help of Cheng Jin and Qing Li, obtained lipidomics and gene expression data from dissected seed tissues.
For these studies, they used two accessions of B. napus, one high-oil (ZS11) and one low-oil (WH557); both were low-erucic acid types. MALDI-MS imaging showed that both PC and TAG were heterogeneously distributed in both accessions, with relatively more C16:0 in the embryos than in the cotyledons, and relatively more C18:1 in the cotyledons. The high-oil accession had higher TAG levels but lower PA levels in the embryo. The lipidomics analyses confirmed the imaging results: C16:0 moieties were highest in the high-oil embryos. To assess whether transcriptional differences could explain the differences between tissues or between accessions, they obtained RNA-seq data from the embryonic axis and from both the inner and outer cotyledons, from seeds collected 34 days after flowering. Principal component analyses showed that gene expression patterns in these two accessions were distinct, and that the embryonic axis was distinct from either cotyledon sample. Among the three tissues, there were 87 genes that were differentially expressed within the high-oil accession, 42 that were differentially expressed within the low-oil accession, but over 4000 that were differential between the two accessions. There were differences in gene expression that might account for some of the differences in oil content. For example, the low-oil accession had more PA than the high-oil accession, and consistent with this, the expression levels of genes encoding enzymes for PA biosynthesis were higher and those for PA utilization were lower. Further, the high-oil accession had higher expression levels for genes encoding lipid droplet coat proteins, such as OLEOSINs, and lipid droplet biogenesis proteins, the SEIPINs. Genes required for starch biosynthesis were more highly expressed in the low-oil accession, accounting for the relatively higher amounts of starch (and consequently lower relative amounts of oil). This supports the idea that carbon partitioning between carbohydrates and oils could be part of the reason for the seed oil differences in these two genotypes. Surprisingly, genes encoding enzymes needed for FA biosynthesis and TAG assembly were either more highly expressed in the low-oil accession or were expressed at similar levels in both accessions. Thus, the expression levels of genes encoding proteins involved in PA utilization for TAG assembly or downstream proteins involved in packaging lipids into lipid droplets might be more important in determining oil content. In sum, their analyses indicate that metabolism and gene expression in oilseeds are more complex than previously appreciated, suggesting that less obvious targets in tissue compartmentation or oil packaging might need to be considered when attempting to manipulate oil composition and content.
The Chapman and Guo labs will continue to collaborate. They plan to carry out functional studies with genes involved in oil content or composition, especially those encoding proteins needed for packaging of lipid droplets.
They also hope to expand MALDI-MS imaging to other metabolites and to lipid signaling molecules, and to incorporate RNA in situ visualization to further corroborate their RNA-seq results. Kent mentioned that it might be informative to study lines with high levels of erucic acid, to understand how metabolic heterogeneity is achieved for FA that are further elongated in the ER before they are incorporated into TAG. In addition to the usefulness of their datasets for other lipid biochemists and seed physiologists, they hope that the concept of heterogeneity and spatial regulation of metabolism will become widely appreciated. 
